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ABSTRACT
Theobroma species have economic importance due to their use in the cosmetic and food industries, mainly in the production 
of chocolate. However, the anatomy of their vegetative structures remains poorly studied. The goal of this study was to describe 
the anatomical features of Theobroma grandiflorum, T. speciosum and T. subincanum to contribute to the biological knowledge 
of these species, as well as provide support to the biotechnological studies of native fruit plants of the Amazon. Leaves at 
different developmental stages were collected and analyzed under light microscopy and scanning electron microscopy. Sessile 
and stalked stellate trichomes and digitiform glandular trichomes were observed in the expanded leaves of T. grandiflorum and 
T. subincanum. These species were also similar in the morphology of the midrib, the organization of the mesophyll and the 
presence of starch grains in the midrib pith cells. Claviform glandular trichomes and mucilage cells in the epidermis occurred 
only in the expanded leaves of T. speciosum. The presence of mucilage secretory trichomes in shoot apices (colleters) of all 
species is a new finding for the genus Theobroma.
KEYWORDS: colleters, cupuassu, glandular trichomes, mucilage, stellate trichomes.
Caracteres anatômicos foliares de três espécies de Theobroma (Malvaceae 
s.l.) nativas da Amazônia Brasileira
RESUMO
As espécies de Theobroma têm importância econômica devido a sua utilização nas indústrias cosmética e alimentícia, 
principalmente na produção de chocolate. Entretanto, a anatomia de suas estruturas vegetativas permanece pouco conhecida. O 
presente estudo teve por objetivo descrever as características anatômicas de Theobroma grandiflorum, T. speciosum e T. subincanum, 
como contribuição ao conhecimento biológico dessas espécies, bem como, fornecer subsídios aos estudos biotecnológicos de 
fruteiras nativas da Amazônia. Folhas em diferentes estágios de desenvolvimento foram coletadas e analisadas sob microscopia 
de luz e eletrônica de varredura. Nas folhas expandidas de T. grandiflorum e T. subincanum foram observados tricomas dos 
tipos estrelado séssil, pedunculado e glandular digitiforme. Estas espécies também foram similares quanto à morfologia da 
nervura central, à organização do mesofilo e à presença de grãos de amido no parênquima medular da nervura central. Tricomas 
glandulares claviformes e células mucilaginosas na epiderme do limbo foliar ocorreram somente em T. speciosum. A presença 
de tricomas secretores de mucilagem nos ápices vegetativos (coléteres) de todas as espécies estudadas é um novo registro para 
o gênero Theobroma.
PALAVRAS-CHAVE: coléteres, cupuaçu, mucilagem, tricomas estrelados, tricomas glandulares.
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INTRODUCTION
The genus Theobroma L. (Malvaceae s.l.) includes 22 
species distributed from the Amazon basin to southern Mexico 
(Cuatrecasas 1964, APG III 2009). In Brazil, it is represented 
by 13 species, all native to the Amazon (Esteves 2013). In this 
genus Theobroma cacao L. and T. grandiflorum (cupuassu) are 
the most economically important species, used, respectively, 
in the cosmetic and food industries, mainly in the production 
of chocolate and “cupulate” (a seed-derived product similar 
to chocolate). The seeds of T. grandiflorum have a juicy pulp 
with an acid-sweet flavor, which is used in the preparation of 
beverages, candies and ice creams (Venturieri 2011). Other 
species of the genus, such as T. speciosum (cacauí) and T. 
subincanum (cupuí) are not marketed, but their sweet pulp is 
consumed fresh and their seeds are used in the preparation of 
chocolate (Cuatrecasas 1964, Cavalcante 2010).
Theobroma grandiflorum is widely cultivated in northern 
Brazil, the largest production in the state of Pará, followed 
by Amazonas, Rondônia and Acre. However, the cultivation 
of this species is limited by insect pests and several fungal 
pathologies, mainly “witches’ broom” (Crinipellis perniciosa 
(Stahel) Singer), which affects the vegetative and reproductive 
organs (Hanada et al. 2010).
The maintenance of the genetic diversity through 
germplasm collections, either in situ or ex situ, allows for the 
development of disease and pest resistant cultivars in addition 
to genetic breeding. Two in vivo collections of Theobroma are 
located in the state of Pará “George O’Neill Addison” and 
“Basil George David Bartley”. These collections are essential 
for the in situ conservation of genetic resources since the seeds 
of Theobroma are recalcitrant, which limits the viability of 
conventional ex situ conservation (Silva et al. 2004).
The morphological and anatomical knowledge of 
Theobroma is important for the establishment and maintenance 
of germplasm collections, providing valuable information to 
breeding programs and agronomic studies regarding desirable 
attributes (Santos et al. 2012). Furthermore, the anatomical 
characters of Theobroma may provide useful information for 
phytopathological studies, contributing to the selection of 
disease resistant mother trees, mainly to combat witches’ 
broom (Rio et al. 2008). 
Although anatomical studies of this genus have recently 
been performed, most are related to seeds (Santos 2003, 
Martini et al. 2008), whereas the vegetative organs remain 
poorly investigated (Metcalfe and Chalk 1950, Nakayama 
et al. 1996, Ferreira et al. 2008). Therefore, the goal of 
the present study was to investigate the leaf anatomy of T. 
grandiflorum, T. speciosum and T. subincanum in order to 
contribute to the biological knowledge of species of Theobroma 
and provide support for the biotechnological studies of native 
fruit plants of the Amazon.
MATERIALS AND METHODS
Plant material
Expanded leaves were collected from Theobroma 
grandiflorum (Willd. ex Spreng) Schum., T. speciosum Willd. 
ex Spreng. and T. subincanum Mart. plants growing in the 
city of Moju, Pará, Brazil (1˚44’S; 48˚30’W) and at the 
Estação de Recursos Genéticos do Cacau José Haroldo/
Comissão Executiva do Plano da Lavoura Cacaueira (ERJOH/
CEPLAC) (1˚12’S; 49˚13’W), located in the city of Marituba, 
Pará, Brazil. Voucher materials were deposited in the João 
Murça Pires Herbarium at Museu Paraense Emílio Goeldi: T. 
grandiflorum (MG 200926, MG 196837), T. speciosum (MG 
202760, MG 200901) and T. subincanum (MG 198499, MG 
200900). Samples were selected from the third median of the 
petiole and the leaf blade from the fifth visible node. Vegetative 
shoot apices and non-expanded leaves were also collected for 
the analysis of the glandular trichomes.
Light microscopy
Samples were fixed in FAA (formalin, acetic acid, 70% 
alcohol) for 24 h (Johansen 1940) or NBF (buffered neutral 
formalin) for 48 h (Lillie 1965), dehydrated in a tertiary 
butanol series and embedded in Paraplast (Johansen 1940). 
Transverse and paradermal sections (10-12 µm thick) were 
cut on a rotatory microtome (RM 2245, Leica Biosystem 
Nussloch GmbH, Nussloch, Germany) and stained with astra 
blue (0,5%) and safranin (1%) (Gerlach 1984).
In addition, samples were fixed in 2.5% glutaraldehyde in 
0.1 M sodium phosphate buffer pH 7.2 for 24h, dehydrated 
in an ethanol series and embedded in hydroxyethyl 
methacrylate (Leica-Historesin), following the manufacturer’s 
recommendations. Then, sections (8-10 µm) were stained with 
toluidine blue O, pH 6.8 (O’Brien et al. 1964). For epidermal 
analysis, leaf blade segments were dissociated using a hydrogen 
peroxide and acetic acid solution (Franklin 1945). Afterwards, 
epidermis were stained with astra blue (0,5%) and safranin 
(1%) (Gerlach 1984) and mounted in 50% aqueous glycerin 
(Purvis et al. 1964).
Samples of both fixed and fresh material were submitted 
to histochemical tests using the following stains: periodic 
acid-Schiff’s (PAS) reaction to identify total polysaccharides 
(McManus 1948), ruthenium red to detect mucilage (Gregory 
and Baas 1989), sudan black B to identify total lipids (Pearse 
1985), and Lugol’s solution to identify starch (Johansen 1940). 
Phenolic substances were detected through ferric chloride 
and by fixing fresh samples in a ferrous sulphate solution in 
formalin for 48 h (Johansen 1940). Photomicrographs were 
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taken using a digital camera coupled to a light microscope 
(Axiolab, Zeiss, Jena, Germany).
Scanning electron microscopy
For scanning electron microscopy (SEM), the samples 
were fixed in 2.5% glutaraldehyde in 0.1 M sodium phosphate 
buffer pH 7.2 for 24 h. They were then dehydrated in an 
ethanol series, critical-point dried using CO2, sputtered 
with gold (Robards 1978), and examined with a scanning 
electron microscope (Leo Electron Microscopy Ltd, 1450 VP, 
Cambridge, England). 
RESULTS
Leaf blade
In surface view, the anticlinal walls of epidermal cells 
presented a slightly sinuous contour in T. grandiflorum and T. 
speciosum (Figures 1A, 1B) and were straight in T. subincanum 
(Figure 1C; Table 1). In all studied species, the epidermis was 
covered by a smooth cuticle layer with plate-like epicuticular 
wax deposits on the adaxial surface (Figure 1D). Abaxial 
surface had a dense indumentum (Figure 1E), mainly in T. 
subincanum (Figure 1F). All studied species had a leaf blade 
with a single-layered epidermis in cross section, with cells 
Figure 1. Epidermis of the leaf blade of T. grandiflorum (A, E, G), T. speciosum (B, D, H, I) and T. subincanum (C, F). A-D. Adaxial surface; black arrows indicate 
the basis of stalked stellate trichomes; note the smooth cuticle layer with plate-like epicuticular wax deposits (white arrow). E. Abaxial surface. F-I. Leaf blade 
in cross section showing a dense indumentum (F), epidermal cells containing phenolic compounds (G) and  mucilage idioblasts (arrows) in the adaxial surface 
(H, I). (abe: abaxial epidermis, ade: adaxial epidermis, in: indumentum, mc: mucilage). Scale bars = 50µm (A-C, F), 40µm (D, G), 60µm (E), 30µm (H, I). 
This figure is in color in the electronic version.
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Character/Species T. grandiflorum T. speciosum T. subincanum
Epidermal anticlinal cell walls Slightly sinuous Slightly sinuous Straight
Mucilage idioblasts in the epidermis - + -
Glandular trichome S1
Size (µm)
Secretory head (number of cells)
Stalk (number of cells)
Clavate
50 – 90
7 – 12
3 – 4
Clavate
40 – 90
5 – 10
2 – 3
Clavate
40 – 90
6 – 7
3 – 4
Glandular trichome S2
Size (µm)
Secretory head (number of cells)
Stalk (number of cells)
Digitiform
30 – 35
3 – 4
2
Clavate
30 – 35
4 – 6
2
Digitiform
25 – 30
2 – 3
2
Stellate trichome Sessile and stalked Sessile Sessile and stalked
Spongy parenchyma cells Isodiametric Elongated Isodiametric
Midrib
Cortical region (predominantly)
Starch grains in the pith
Concave-convex
Sclerenchymatous +
Biconvex
Parenchymatous
-
Concave-convex 
Parenchymatous
+
Table 1. Anatomical characters of leaf blade of T. grandiflorum, T. speciosum and T. subincanum. (+): present, (-): absent. (S1: leaf primordia and non-expanded 
leaves; S2: fully expanded leaves of fifth visible node).
containing phenolic substances in both surfaces (Figure 1G). 
Histochemical tests showed that in addition to phenolic cells, 
the adaxial epidermis of T. speciosum contained mucilage 
idioblasts (Figures 1H, 1I; Table 1).
Glandular and non-glandular trichomes were distributed 
on both surfaces of the expanded leaves of all species but they 
were more abundant on the abaxial surface (Figure 2A). Two 
morphological types of glandular trichomes were observed 
in this region: digitiform (Figures 2A, 2B), occurring on the 
leaf surface of T. grandiflorum and T. subincanum, and clavate 
(Figure 2C), occurring only on the leaf surface of T. speciosum. 
The two types of trichomes consisted of a basal cell, a bicellular 
stalk, and a multicellular secretory head (Table 1).
A number of clavate glandular trichomes (colleters) were 
also observed on both surfaces of leaf primordia (Figure 2D) 
and non-expanded leaves of all species (Figures 2E-H), but 
they differed from those described above by their size and 
cell number on the stalk and on the secretory head (Table 
1). On the expanded leaves of the fifth visible node, only the 
basal region of these trichomes could be observed, indicating 
that they were deciduous. The secretion produced by these 
trichomes during the initial phases of leaf expansion was highly 
hygroscopic and viscous. In all species, PAS and ruthenium 
red reactions for polysaccharides and mucilage, respectively, 
were positive for the substances secreted by the head cells. The 
non-glandular trichomes were multicellular, stellate, four- to 
eight-armed, sessile (Figure 2I) or stalked (Figure 2J). The 
sessile stellate trichomes were abundant on the abaxial surface 
in all studied species, whereas the stalked stellate trichomes 
were exclusive to the veins on both leaf surfaces of the T. 
grandiflorum and T. subincanum (Table 1).
In cross section, the species had hypostomatic leaves with 
anomocytic stomata located above the other epidermal cells. 
The mesophyll in all species was dorsiventral with collateral 
vascular bundles surrounded by a sheath of sclerenchymatous 
and parenchymatous cells with phenolic content, which 
extended towards one or both surfaces (Figures 3A, 3B). 
The palisade parenchyma consisted of a single layer in 
T. speciosum, one to three layers in T. subincanum and T. 
grandiflorum. The spongy parenchyma was composed of 
three layers of transversally elongated cells in T. speciosum 
and three to five layers of isodiametric cells in T. subincanum 
and T. grandiflorum, respectively (Figures 3A, 3B; Table 1). 
Idioblasts containing calcium oxalate druses (Figure 3C) 
and prismatic crystals (Figure 3D) were observed among 
palisade parenchyma cells, particularly in T. subincanum and 
T. grandiflorum.
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Figure 2. Trichomes on the leaves of T. grandiflorum (A, B, E, F), T. speciosum (C, G, I) and T. subincanum (D, H, J, L). A-C. Glandular trichomes on the expanded 
leaves, digitiform (A, B) and clavate (C). D-H. Glandular trichomes (colleters) on the leaf primordia (D) and non-expanded leaves (E), note a differentiating 
digitiform glandular trichome. I-J. Stellate trichomes on the leaf blade, sessile (I) and stalked (J). L. Stalked stellate trichome on the petiole (cl: colleters, dgt: 
digitiform, st: stalk, sh: secretory head). Scale bars = 50µm (A, E), 10µm (B, C, F-H), 100µm (D), 30µm (I, J, L). This figure is in color in the electronic version.
In cross section, the leaf margins were revolute and had 
a rounded shape, thick cuticle, chlorenchyma consisting of 
isodiametric cells, and phenolic and crystal idioblasts in all 
of the species (Figure 3E). The midrib in cross section was 
biconvex in T. speciosum (Figure 3F) and concave-convex in 
the remaining species (Figures 3G, 3H; Table 1). In all of 
the species, two or three layers of angular collenchyma cells 
were located below the abaxial epidermis. Cortical region 
was composed predominantly of sclerenchymatous cells in 
T. grandiflorum (Figure 4A) and parenchymatous cells in T. 
subincanum and T. speciosum (Figure 4B). The vascular system 
of the midrib of all species was collateral, surrounded by a 
sclerenchymatous sheath (Figures 3H, 4A).
Cells containing phenolic compounds (Figure 4C) and 
crystals (prismatic and druses) were common in the dermal, 
vascular and ground tissue systems. Numerous starch grains 
were observed in the parenchyma cells of the midrib pith 
in T. grandiflorum and T. subincanum (Figure 4D; Table 1). 
Glands occurred both in the midrib cortex and pith (Figures 
3F-H, 4B, 4D). The histochemical tests performed on these 
glands to detect total polysaccharides and mucilage showed 
positive results. However, lipophilic and phenolic substances 
were not identified. The anatomical characters of the leaf 
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Figure 3. Mesophyll, margin and midrib of T. speciosum (A, F), T. grandiflorum (B, C-E, H) and T. subincanum (G) in cross section. A-B. Dorsiventral mesophyll, 
note the of sheath extensions bundles (arrows). C-D. Idioblasts containing calcium oxalate crystals in the mesophyll, druses (C) and prismatic (D). E. Margin. 
F-H. Midrib (abe: abaxial epidermis, ade: adaxial epidermis, g: gland, mc: mucilage, s: stomata, ph: phloem, pp: palisade parenchyma, sp: spongy parenchyma, 
ss: sclerenchymatous sheath, x: xylem). Scale bars = 40µm (A-B, E), 20µm (C, D), 300µm (F, G), 200µm (H). This figure is in color in the electronic version.
blades of T. grandiflorum, T. speciosum and T. subincanum 
were summarized in Table 1, where it was possible to verify 
the main similarities and differences among these species.
Petiole
The petiole of all studied species presented, in cross section, 
one layered epidermis with stomata located above the other 
epidermal cells (Figure 4E). The glandular and non-glandular 
trichomes were similar to those described for the leaf blade. 
The glandular trichomes were clavate and composed of a basal 
cell, two- or three-celled uniseriate stalk and a five- to nine-
celled secretory head. The non-glandular trichomes could be 
sessile in T. speciosum and stalked in T. grandiflorum and T. 
subincanum (Figure 2L).
In addition, numerous idioblasts containing phenolic 
compounds and calcium oxalate crystals (prismatic and 
druses) occurred in the petiole cortex (Figures 4E, 4F). Druses 
were more numerous than prismatic crystals, mainly in T. 
subincanum. Mucilage glands, similar to those of the leaf blade 
were found in the petiole cortical (Figure 4F) and pith regions 
(Figure 4G). The vascular bundles of petiole were collateral 
in all studied species (Figure 4G).
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Figure 4. Midrib and petiole of T. grandiflorum (A, G), T. speciosum (B, C, E, F) and T. subincanum (D) in cross section. A-D. Midrib showing cortical region 
(A, B), cells with phenolic compounds in the epidermis (C) and starch grains in the pith (D). E-G. Petiole showing cortex (E, F) and vascular system (G). (co: 
collenchyma, dr: druses, g: gland, mc: mucilage, ph: phloem, pi: phenolic idioblast, s: stomata, ss: sclerenchymatous sheath, x: xylem). Scale bars = 50µm 
(A, B, E, D), 20µm (C), 200µm (F), 300µm (G). This figure is in color in the electronic version.
DISCUSSION
The leaf anatomical features examined in the present 
study are in accordance with those previously described for 
Sterculiaceae (currently circumscribed in Malvaceae s.l.) 
regarding the vascular structure of petiole, stomatal type 
and distribution, presence of crystals usually in form of 
druses, mucilage-secreting structures, and stellate trichomes 
(Metcalfe and Chalk 1950). The last two characteristics are 
synapomorphies of Malvaceae s.l. (APG III 2009).
The studied species are characterized by a dense 
indumentum consisting of glandular and non-glandular 
trichomes. The morphological variation and distribution of 
these trichomes on the leaf surface are useful characters for 
the subgeneric classification in Malvaceae s.l., as reported for 
Mortoniodendron Standl. & Steyerm. (Rédon-Carmona et 
al. 2006), Abutilon Mill. (Shaheen et al. 2009a), Hibiscus L. 
(Shaheen et al. 2009b), Sida L. (Shaheen et al. 2009c), and 
in the present study for Theobroma.
To date, glandular trichomes in Theobroma are reported 
only for T. cacao (Nakayama et al. 1996). We are describing 
for the first time the presence of glandular trichomes in T. 
grandiflorum, T. speciosum and T. subincanum. In these species, 
although the trichomes found in the vegetative shoot apices 
are homologous to those of expanded leaves, they may play a 
different role. In the vegetative shoot apices, these trichomes 
are abundant, with a well developed secretory head, whose 
mucilage secretion may provide lubrication and protection 
against desiccation during early stages of leaf development. 
According to Paiva and Martins 2011, structures with this 
morphology are similar to colleters. In the family Malvaceae 
s.l. colleters are reported only in Hibiscus pernambucensis 
Arruda and H. tiliaceus L. (Rocha et al. 2002).
Leaf trichomes may be an effective defense mechanism in 
plants. They may be involved in both chemical and mechanical 
defense, negatively affecting the oviposition rate and feeding 
of herbivorous insects and nutrition of larvae (Lokesh and 
Singh 2005). It is possible that the leaf trichome density in the 
studied species can play a role in protection against herbivores 
insects, which are considered pests in the cultivation of some 
species of this genus, such as beetle (Barbosa and Fonseca 
2002), caterpillar (Lourido et al. 2007), and leaf-cutting ants 
(Delabie 1989). However, additional studies are needed to 
better understand the ecological role of these trichomes in 
Theobroma.
The occurrence of mucilaginous cells in the leaf epidermis 
is described in 69 families of eudicotyledons including 
Malvaceae s.l. (Metcalfe and Chalk 1950). In the present 
study, T. speciosum is the only species to present mucilaginous 
cells in the leaf epidermis. However, these mucilaginous cells 
are observed only on the adaxial surface of the leaf blade, a 
feature also reported in other representatives of Malvaceae s.l., 
such as T. cacao L. (Nakayama et al. 1996), Dombeya Desf. 
and Nesogordonia Baill. (Lersten and Curtis 1997), Sterculia 
Vent. (Hussin and Sani 1998), Hibiscus (Rocha et al. 2002) 
and Pavonia alnifolia A.St.-Hil. (Pimentel et al. 2011).
Another important feature found in the species examined 
for this study is the presence of numerous calcium oxalate 
crystals, mainly in the form of druses. Calcium oxalate crystals 
in plants are involved in several physiological functions 
and may play an ecological role as static or active defense 
structures (Franceschi and Nakata 2005). Their synthesis not 
only depends on calcium levels but can also be influenced 
by external pressures such as herbivory. For example, in Sida 
rhombifolia L. (Malvaceae), herbivory increases the synthesis 
of crystals in seedling leaves even if calcium availability is 
limited (Molano-Flores 2001).
Cells with phenolic content also have a wide distribution 
on leaf tissues of the species studied here. A previous study has 
shown that phenolic compounds in T. cacao have an inhibitory 
effect on Crinipellis perniciosa basidiospores germination, 
representing a mechanism of resistance to witches’ broom 
disease (Nojosa et al. 2003). The presence of crystals and 
phenolic idioblasts in the leaves of Theobroma species may 
thus have a protective function against herbivory and may 
increase the resistance to witches’ broom disease.
CONCLUSION
We have verified that T. grandiflorum and T. subincanum 
share the presence of digitiform glandular trichomes, stalked 
and sessile stellate trichomes, isodiametric cells in the spongy 
parenchyma, a concave-convex midrib, and starch grains in the 
midrib pith cells, while T. speciosum presents clavate glandular 
trichomes, only sessile stellate trichomes, elongated cells in 
the spongy parenchyma, a biconvex midrib, and mucilaginous 
cells in the epidermis. Such characteristics provide a useful tool 
for taxonomic studies of the species of Theobroma. We have 
evidenced that the presence of mucilage secretory trichomes 
in shoot apices (colleters) of all species is a new finding for 
this genus.
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